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Background: Chest injuries caused during a major earthquake remain unclear. We have
described profiles of patients with chest injuries who were diagnosed and treated at the
area that was most affected by the Great East Japan Earthquake in 2011.
Methods: We retrospectively reviewed medical records of 3938 patients who were trans-
ferred to the Japanese Red Cross Ishinomaki Hospital during the first week after the
earthquake (March 11–17). In total, 77 patients were declared dead on arrival at the
hospital. Of the remaining 3861 patients, 42 (1.1%) sustained chest injuries. Diagnosis of
the chest injury was based on results of physical examination, chest radiography, and
computed tomography.
Results: Chest injury was diagnosed in 42 patients, including 22 men and 20 women (age
range, 21–99 years). The most common cause of injury was tsunami (n¼21), followed by
falls (n¼9), and traffic accidents (n¼1), although this information was missing in 11 cases.
The most common type of chest injury was superficial trauma such as laceration and
contusion (n¼37). Only 5 patients had rib fractures with intrathoracic damages such as
pneumothorax (n¼3), hemothorax (n¼1), and aspiration (n¼1).
Conclusions: The number of patients with chest injury was surprisingly small. Most
patients did not require hospitalization. The small number of survivors with serious chest
injuries can most likely be explained by the tsunami caused by the earthquake.
& 2012 The Japanese Respiratory Society. Published by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
The 2011 Great East Japan Earthquake, measuring 9.0 on the
Richter scale, struck Japan at 14:46 on March 11, 2011. A
tsunami hit the northern part of Honshu (the main island),
covering more than 800 km of the Pacific coastline and claimed
nearly 20,000 lives. The greater Ishinomaki area (Ishinomaki
city with the neighboring city of Higashi-Matsushima and the
town of Onagawa), which is located on the coast and very near
the epicenter (Fig. 1), had a population of approximately 220,000Society. Published by Else
x: þ225 96 0122.
. Suzuki).before the earthquake; however, more than 4500 people were
killed, and nearly 1300 are still missing.
Five kilometers inland, the Japanese Red Cross Ishinomaki
Hospital (402 beds) was spared by the tsunami, and its facilities
maintained an almost normal status. We continued to provide
medical services for casualties, although scheduled outpatient
services and surgical procedures had to be cancelled. Because
our hospital was the only facility able to treat emergent patients
from the devastated area, most injured patients were directly
transferred to our hospital. In this study, we have describedvier B.V. Open access under CC BY-NC-ND license.
Fig. 1 – Location of Ishinomaki city and the Japanese Red Cross Ishinomaki Hospital. (A): The epicenter of the 2011 Great East
Japan Earthquake was only 130 km from Ishinomaki city. (B): The greater Ishinomaki area (Ishinomaki city with the
neighboring city of Higashi-Matsushima and the town of Onagawa) had a population of approximately 220,000 before the
earthquake. More than 4500 people were killed and nearly 1300 are still missing. (C): More than 10% of urban Ishinomaki
city, where nearly 100,000 people lived, was flooded due to the tsunami (shadowed). The Japanese Red Cross Ishinomaki
Hospital, 5 km inland, was spared from the tsunami.
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treated at the area that was most affected during the Great East
Japan Earthquake in 2011.2. Materials and methods
We retrospectively reviewed medical records of 3938 patients
who were transferred to the Japanese Red Cross Ishinomaki
Hospital during the first week after the earthquake (March
11–17). In total, 77 patients were declared dead on arrival at our
hospital. Further, 42 (1.1%) of the remaining 3861 patients
sustained chest injuries. Diagnosis of chest injury was based
on results of the physical examination, chest radiography, and
computed tomography.3. Results
3.1. Changes in the number of patients
The numbers of patients with chest injuries who were treated
and hospitalized are summarized in Table 1. During the first
night (March 11), chest injuries were identified in 5 (5.2%) out of
97 patients whowere treated at our hospital, and 2 patients were
hospitalized. The number of patientswhowere treated increased
to 768 on the second day; chest injuries were identified in 12
(1.6%) patients, including 3 who were hospitalized. The total
number of treated patients further increased to 1228 on the third
day; however, the number of patients treated for chest injuries
decreased to 10 (0.8%), and none required hospitalization. Only 1patient (0.3%) was treated for chest injury on the sixth day, and 3
(1.8%) patientswere treated on the seventh day for chest injuries.
3.2. Cause of chest injury
The 42 patients with chest injury included 22 men and 20
women who were aged 21–99 years. The most common cause
of injury was the tsunami in 21 (50.0%) cases, followed by falls in
9 (21.4%) cases and a traffic accident in 1 (2.4%) case. Information
pertaining to the cause of injury wasmissing for 11 (26.2%) cases.
One slightly wounded patient, who visited our hospital on the
first night, had been hit by a vehicle while fleeing the tsunami.
Four patients, who presented during the last 2 days, had
lacerations on their thorax caused by falls in the shelters for
evacuees.
3.3. Types of chest injuries
The most common type of chest injury was superficial trauma,
such as laceration and contusion, which was observed in 37
(88.1%) cases; multiple rib fractures were found in 5 (11.9%)
patients. These 5 patients also suffered intrathoracic damage,
such as pneumothorax (n¼3), hemothorax (n¼1), and tsunami
aspiration (n¼1). None of the patients had injuries to the
cardiovascular system.
3.4. Profile of the hospitalized patients
As shown in Table 2, five patients with intrathoracic damage
were hospitalized for further treatment. Their injuries were
Table 1 – Number of patients with chest injuries who were treated and hospitalized.
Date Number of patients (Treated) Number of patients (Hospitalized)
Total Chest injuries (%) Total Chest injuries (%)
March 11 97 5 (5.2) 12 2 (16.7)
March 12 768 12 (1.6) 54 3 (5.6)
March 13 1228 10 (0.8) 39 0 (0)
March 14 681 8 (1.2) 35 0 (0)
March 15 613 3 (0.5) 27 0 (0)
March 16 305 1 (0.3) 23 0 (0)
March 17 169 3 (1.8) 25 0 (0)
Total (average) 3861 42 (1.1) 215 5 (2.3)
Table 2 – Profiles of the hospitalized patients.
Patient age/
gender
Arrival Cause Fracture Intrathoracic
damage
Stay Discharge
to
Result
1 66/
Female
20 o’clock March
11
Tsunami 6 ribs, orbit, and
zygoma
Aspiration 6
days
Shelter Alive
2 24/
Female
22 o’clock March
11
Tsunami 4 ribs Pneumothorax 3
days
Home Alive
3 29/
Female
11 o’clock March
12
Tsunami 4 ribs Pneumothorax 5
days
Shelter Alive
4 54/
Female
14 o’clock March
12
Tsunami 4 ribs Pneumothorax 3
days
Shelter Alive
5 56/
Female
20 o’clock March
12
Tsunami 5 ribs and clavicle Hemothorax 7
days
Hospital Alive
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furniture, automobiles, houses, or other debris. Multiple rib
fractures were treated by bandage. Pneumothorax, the most
frequent complication (three cases), was treated by drainage
with a chest tube. A case of hemothorax was treated by
conservative methods. Tsunami aspiration was treated with
antibiotics and oxygen, without intubation. All these patients
survived and walked to their homes or shelters after leaving
our hospital within one week, except for one patient with
hemothorax who was transferred to Tohoku University Hospi-
tal at Sendai for rehabilitation. No patient required surgical
treatment.4. Discussion
We identified chest injuries in 42 of 3861 patients who were
treated in our hospital during the first week after the earth-
quake. The most common type of chest injury was superficial
trauma. Only 5 patients with rib fractures were found to have
intrathoracic damage that required hospitalization. The pre-
valence of serious chest injury was surprisingly low when
compared to chest injuries caused during other earthquakes.
A recent report on the 2008 earthquake in Wenchuan,
China, states that chest injuries were found in 184 (10.1%)
of 1823 patients who were treated in 2 regional hospitals, and
161 of 184 chest injury patients had rib fractures [1]. During
the 1995 Hanshin-Awaji earthquake, 63 (12.9%) of 487
patients who were transferred to a hospital were found to
have chest injuries, and rib fractures were observed in 17 [2].These reports indicate that chest injuries are not rare among
casualties of major earthquakes.
In contrast, the number of patients with chest injuries at
the time of the 2011 Great East Japan Earthquake was small
and this number it decreased quickly, even though chest
injuries were found to be more frequent on the first night
(5.2%). However, it is important to note that the percentage of
hospitalized patients with chest injuries was relatively high
(16.7% on the first night and 5.6% on the second day). In a
study on the 1995 Hanshin-Awaji earthquake, data on 2702
seriously injured patients who were admitted and treated at
multiple hospitals were analyzed; the study revealed that 63
(2.3%) patients had intrathoracic injuries, and 82 (3.0%)
patients had rib fractures [3]. Two major earthquakes shook
Turkey in 1999; 21 (9.8%) of 215 patients hospitalized after the
Izmit earthquake and 6 (7.6%) of 95 patients hospitalized after
the Duzce earthquake were found to have chest injuries [4].
Further, 19 (3.6%) of 528 patients who were transported to a
hospital during the first 48 h of the Izmit earthquake suffered
a major chest injury [5]. Therefore, it should be noted that
serious chest injuries including intrathoracic damage are of
clinical importance in the treatment of hospitalized casualties.
Previous reports found that pneumothorax and hemothorax
were very frequent [1,4,5].
It was somewhat surprising that there were no patients
with serious chest injuries after the third day. However, this
does not necessarily mean that serious chest injuries were
rare. Rather, it is very likely that many of the individuals with
these injuries did not survive long enough for rescue workers
to reach them. Furthermore, the victims who survived often
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fact, a patient (Case 3) told us later that she was very cold
because of the wet clothes that she had worn during the night,
although neighbors successfully pulled her up after her thorax
was crushed between two automobiles. It seems nothing less
than miraculous to us that some patients who had serious chest
injuries were transferred to our hospital alive.
The tsunami also killed indirectly, by destroying urban
infrastructure, such as electricity and transportation systems
and lines; it left enormous amounts of sludge on the ground.
Many first responders did not survive. Considering the
magnitude of the disaster, it was surprising that very few
(97 patients) patients were transferred to our hospital on the
first night. However, this was because the floods and sludge
obstructed access to the victims. Helicopters and rescue
boats had to wait until the next morning to rescue the
victims.
In addition, it is worth noting that evacuees may have been
wounded in accidents occurring at the shelters. More than
60,000 individuals were evacuated from the greater Ishino-
maki area. Shelters were always crowded. In addition to the
evacuees themselves, private goods, supplies, and waste
crowded the facilities, increasing the risk of falls. The roads
connecting the shelters and our hospital were also unsafe.
This dangerous environment required several months to
improve.
Finally, whether chest injuries were the principle cause of
death associated with the 2011 Great East Japan Earthquake
may still be unclear. We were not able to clarify the direct
cause of death in each victim. However, the very low
prevalence of chest injuries in the survivors does not mean
that death caused by chest injuries was rare. Rather, it seems
likely that many casualties with serious chest injuries did not
survive long enough to be transferred, diagnosed, or treated.5. Conclusion
Chest injuries were identified in 42 out of 3861 patients who
were treated in the Japanese Red Cross Ishinomaki Hospital
during the first week after the 2011 Great East Japan Earth-
quake. This prevalence (1.1%) was surprisingly low when
compared to the prevalence during other major earthquakes.
The most common type of chest injury was superficial
trauma, which did not require hospitalization. The small
number of survivors with serious chest injuries can most
likely be explained by the tsunami caused by the earthquake.Conflict of interest
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